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16  Abstroct 

> This  project  was  conducted  in  response  to  an  ARD-200  request  to  investigate  the 
interaction  between  a  full  beacon  collision  avoidance  system  (BCAS)  and  the  present 
air  traffic  control  (ATC)  system  in  a  real-time  simulation  environment.  The 
specific  objectives  addressed  the  impact  of  BCAS  on  controllers  and  control  pro¬ 
cedures,  the  requirement  of  BCAS  information  to  be  displayed  to  the  controller, 
and  the  effectiveness  of  alarm  threshold  desensitization  in  a  terminal  area.  An 
additional  objective  was  to  evaluate  the  BCAS  algorithm  performance  in  terms  of 
number,  duration,  and  location  of  alerts  and  resolution  effectiveness. 

The  tests  were  conducted  using  the  Air  Traffic  Control  Simulation  Facility  (ATCSF) 
at  the  National  Aviation  Facilities  Experimental  Center  (NAFEC)  during  April  and 
May  1978.  Analysis  of  results  indicated  that  the  presence  of  BCAS  in  a  moderate- 
density  ATC  terminal  environment  had  no  adverse  effect  on  controllers  or  control 
procedures  because  of  an  extremely  low  positive  command  rate.  A  high  number  of 
BCAS  advisory  alerts  which  were  displayed  to  aircraft  but  not  to  controllers  had 
no  effect  on  aircraft  flightpaths.  Many  of  these  alerts  were  generated  for  aircraft 
navigating  on  established  airways  with  proper  ATC  separation.  A  significant  number 
of  participating  controllers  favored  the  use  of  BCAS  as  a  backup  to  the  ATC  system. 
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INTRODUCTION 


PURPOSE. 

This  report  describes  the  tests  conducted  and  the  results  obtained  from  the 
Knoxville  terminal  area  air  traffic  control  (ATC)/full  Beacon  Collision 
Avoidance  System  (BCAS)  dynamic  simulation.  The  purpose  of  this  simulation 
was  to  (1)  assess  the  impact  of  BCAS  on  controllers  and  control  procedures  in 
a  moderate-density  terminal  area,  (2)  assess  the  requirements  of  BCAS  informa¬ 
tion  to  be  displayed  to  the  controller,  and  (3)  assess  the  effectiveness  of 
desensitization  in  a  moderate-density  terminal  area.  An  additional  objective 
was  to  evaluate  BCAS  performance  with  respect  to  the  number,  duration,  and 
location  of  alerts  and  resolution  effectiveness. 

BACKGROUND. 

The  ATC/BCAS  Interaction  Simulation  was  the  second  phase  of  the  ATC/BCAS  eval¬ 
uation  at  the  National  Aviation  Facilities  Experimental  Center  (NAFEC).  The 
results  of  the  first  phase  were  reported  in  reference  1.  The  second  phase 
was  conducted  in  two  parts.  The  first  part  was  the  simulation  of  the  Chicago 
environment  with  the  results  being  reported  in  reference  2.  This  part,  the 
Knoxville  Simulation,  was  conducted  to  measure  BCAS  interaction  with  con¬ 
trollers  and  the  ATC  system  in  a  moderate-density  terminal  area.  As  opposed 
to  Chicago,  Knoxville  was  chosen  for  simulation  because  it  does  not  have  an 
ARTS  III  system,  and,  therefore,  terminal  area  conflict  alert  was  not  available. 

The  evaluation  was  conducted  at  NAFEC  using  prototype  logic  for  a  full  BCAS 
formulated  by  MITRE,  Inc.  (reference  3).  Computer  Sciences  Corporation  (CSC) 
implemented  and  debugged  the  logic  for  the  simulation.  Changes  which  were 
made  in  the  logic  were  reported  in  reference  2.  Following  the  Chicago  simula¬ 
tion,  an  additional  logic  change  was  made  so  that  MTAU2  (the  tau  (collision 
avoidance  separation  criterion)  distance  modifier  for  vertical  speed  limits 
(VSL's))  was  reduced  to  conform  with  the  values  of  DMOD,  the  tau  distance 
modifier  for  positive  and  negative  commands.  This  reduction  was  made  in  hope 
of  reducing  the  high  VSL  alert  rate  which  occurred  in  the  Chicago  simulation. 

The  lack  of  an  adequate  characterization  of  passive  (full)  BCAS  system  errors 
required  that  the  simulation  be  conducted  in  an  error-free  environment. 

Because  of  this,  the  results  provide  an  upper  bound  for  expected  BCAS 
performance. 


DISCUSSION 


SYSTEM  DESCRIPTION. 

GENERAL.  The  Air  Traffic  Control  Simulation  Facility  (ATCSF)  (reference  4) 
at  NAFEC  has  a  real-time,  human  interaction  capability.  Air  traffic  controllers 
using  standard  ATC  procedures  and  phraseology  issue  clearances  to  simulator 
pilots  who  then  convert  these  messages  for  entry  into  the  computer  via  special 
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keyboards.  The  computer  Interprets  these  entries  and  controls  the  t'llghtpaths 
of  the  aircraft  in  the  system.  The  facility  provided  a  method  of  measuring 
BCAS  in  a  systematic  way. 

Within  radar  coverage,  the  BCAS  utilizes  the  air  traffic  control  radar 
beacon  system  (ATCRBS)  interrogation  and  transponder  signal  structure  to 
provide  inputs  to  the  BCAS  detection  and  resolution  algorithm.  As  a  backup 
system  outside  of  radar  coverage,  BCAS  can  actively  interrogate  intruder 
transponders  to  provide  input  to  the  algorithm. 

BCAS  MESSAGES  AND  DESENSITIZATION  BOUNDARIES.  Three  types  of  BCAS  messages 
were  provided  in  the  simulation.  Intruder  Positional  Data  (1PD),  Vertical 
Speed  Limits  (VSL) ,  and  positive  and  negative  commands.  1PD  warnings  provide 
an  alarm  of  a  potential  threat.  IPD  warnings  provide  the  BCAS-equipped  air¬ 
craft  with  relative  bearing,  relative  altitude,  and  range  information  on  an 
intruder  aircraft.  Alert  messages  do  not  include  IPD  warnings. 

VSL’s  are  types  of  alerts  which  reduce  the  possibility  of  collision  by  limiting 
the  vertical  velocity  of  own  aircraft.  The  six  alerts  are;  "Limit  Climb  to 
2,000  ft/min  or  less,"  "Limit  Climb  to  1,000  ft/min  or  less,"  "Limit  Climb 
to  500  ft/min  or  less,"  and  the  three  complementary  descent  alerts. 

The  negative  types  that  could  be  provided  were;  "Do  not  turn  left,"  "Do  not 
turn  right,"  "Do  not  descend,"  and  "Do  not  climb."  The  positive  types  of 
alerts  provided  were  "Turn  right,"  "Turn  left,"  "Climb,"  and  "Descend."  Only 
one  VSL  or  positive  or  negative  alert  could  be  displayed  at  one  time.  Multiple 
IPD  warnings  could  simultaneously  be  generated,  each  representing  a  different 
threat . 

Four  levels  of  desensitization  currently  exist  in  the  BCAS  logic.  The  choice 
of  level  is  based  on  range  from  radar  site  and  altitude  of  own  aircraft.  Two 
levels  of  desensitization  played  a  key  role  in  this  experimentation.  The 
level  4  desensitization  area  is  the  area  in  which  BCAS  tracking  of  intruder 
aircraft  is  performed,  but  all  resolution  logic  is  blocked.  The  level  4 
area  extends  outward  for  a  2-nmi  radius  from  the  radar  site.  The  idea  behind 
level  4  logic  is  to  prevent  the  Issuance  of  alerts  to  aircraft  on  final  approach 
and  to  aircraft  on  the  ground.  The  next  least  protection  area  extends  from 
2  nmi  to  15  nmi  below  10,000  feet  altitude.  This  area  is  called  level  3. 

The  boundary  between  the  level  3  and  level  2  areas  (medium  protection  area) 
is  a  circle  centered  on  the  radar  site  with  a  radius  of  15  nmi.  The  highest 
protection  area,  level  1,  extends  upward  from  10,000  feet  out  to  50  nmi  from 
the  radar  site,  at  which  point  it  includes  all  airspace  from  the  surface  up. 
(Figure  1  shows  the  desensitization  boundaries.) 

N 

SYSTEM  ENVIRONMENT.  The  ATCSF  was  configured  to  represent  a  single  ATCRBS 
site;  namely,  the  Knoxville  terminal  area.  Satellite  airport  traffic  was  not 
modeled;  however,  the  high  volume  of  overflight  traffic  below  10,000  feet  that 
occurs  in  the  Knoxville  area  was  modeled.  The  traffic  volume  simulated 
represents  the  traffic  conditions  projected  for  the  mid-1980's.  The  naviga¬ 
tional  fixes  and  the  traffic  flow  patterns  used  were  similar  to  the  routes  and 
fixes  that  exist  in  Knoxville  today. 


LEVEL  1  LEVEL  1 


desf.nsitization  areas 


The  ATC  laboratory  simulated  four  Knoxville  ATC  positions.  The  positions 
were  local  controller  (tower),  east  approach,  west  approach,  and  final 
controller.  The  approach  controllers  also  handled  departure  traffic  within 
their  sectors.  In  addition,  two  "ghost"  enroute  center  feeder  positions 
were  simulated,  Figure  2  depicts  laboratory  layout.  Additional  ATC  proce¬ 
dures  employed  in  the  Knoxville  simulation  are  discussed  in  appendix  A. 

All  traffic  in  the  experiment  was  controlled.  Full  data  blocks  were  displayed 
for  each  target.  The  only  modification  to  the  data  blocks  was  the  displaying 
of  a  blinking  character  in  the  third  data  line  for  aircraft  receiving  positive 
BOAS  commands.  Turing  the  simulation  this  was  the  only  BOAS  information  dis¬ 
played  to  the  controller. 

The  simulator  pilots  received  BOAS  messages  anytime  an  aircraft  they  were 
piloting  received  a  positive  or  negative  command  or  a  VSL  alert.  The  simu¬ 
lator  pilots  informed  the  controller  of  the  displayed  messages  when  controller 
instructions  were  contrary  to  the  displayed  message. 

TRAFFIC  CONDITIONS.  Two  traffic  conditions  were  used.  The  first  condition 
modeled  strictly  instrument  flight  rules  (IFR)  operations.  The  second  condi¬ 
tion  modeled  an  even  mix  of  1FR  and  visual  flight  rules  (VFR)  operations.  All 
aircraft  in  the  simulation  were  BCAS  equipped.  Overflights  were  modeled  and 
represented  15  percent  to  20  percent  of  the  traffic.  Traffic  density 
reflected  the  projected  density  for  the  Knoxville  terminal  area  in  the 
mid-1980' s.  The  average  number  of  active  aircraft  in  the  control  area  at  one 
time  was  approximately  15. 

Traffic  separation  procedures  used  by  the  controllers  complied  with  IFR, 

VFR,  or  IFR/VFR  standards  depending  on  the  conditions  being  simulated. 

Commercial  Jet  traffic  classed  as  heavy  do  not  use  the  Knoxville  airport. 
Otherwise,  the  aircraft  performance  characteristics  were  the  same  as  those 
used  in  the  phase  I  Chicago  simulation  (reference  2).  Since  heavy,  commercial 
Jet  traffic  was  not  simulated,  no  variation  in  separation  for  weight  category 
and  wake  turbulence  was  provided.  Aircraft  performance  characteristics  are 
included  in  appendix  B. 

Each  simulation  run  lasted  1  hour  and  15  minutes.  The  initial  15-minute 
period  constituted  the  traffic  buildup  period.  This  period  was  followed  by  a 
1-hour  data  collection  period  in  which  traffic  density  remained  nearly  constant. 
The  peak  aircraft  load  in  the  terminal  area  was  27  aircraft.  The  average 
density  was  15  aircraft  within  40  nmi  of  the  airport. 

ERROR  ANT  RKSTONSK  MODELS . 


Transponder  mode  C  accuracy  and  surveillance  accuracy  were  assumed  perfect  in 
all  simulation  runs.  These  assumptions  were  made  to  conform  with  the  simu¬ 
lated  radar  conditions  in  previous  ATCSF  collision  avoidance  experiments. 

Some  measurements  have  been  made  of  the  magnitude  of  surveillance  errors  and 
of  how  the  BCAS  performance  is  affected.  However,  data  were  not  yet  available, 
for  these  errors,  on  their  dynamic  characteristics,  such  as  correlation  (with 
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FIGURE  2.  AIR  TRAFFIC  CONTROL  SIMULATION  FACILITY,  KNOXVILLE  CONFIGURATION 
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other  factors)  and  autocorrelation  (between  an  error  and  its  prior  value). 
Availability  of  the  dynamic  characteristics  would  improve  the  analyses,  both 
mathematically  and  from  simulation  of  BCAS  performance.  However,  the  reported 
altitudes  of  all  aircraft  were  quantised  in  100-foot  increments,  the  quanti¬ 
sation  limit  of  mode  C  transponders. 

The  BCAS  algorithm  contains  trackers  which  smooth  own  aircraft's  position  and 
all  intruder  positions.  Besides  smoothing  noisy  input  measurements,  the 
trackers  tend  to  prevent  rapid  command  oscillations  due  to  brief  changes  in 
aircraft  accelerations.  The  absence  of  surveillance  error  implies  that  the 
results  were  obtained  through  best  case  analysis.  Had  surveillance  errors 
been  included  in  the  simulation,  algorithm  performance  would  have  been 
degraded . 

In  responding  to  a  BCAS  alert,  all  aircraft  used  pilot  response  and  aircraft 
response  delays.  The  pilot  response  delay  model  used  was  the  Gamma  distribution. 
This  model  was  different  from  those  used  in  other  collision  avoidance  system 
(CAS)  studies.  The  use  of  this  model  resulted  from  findings  in  phase  1 
experimentation.  The  aircraft  acceleration  rate  both  horizontally  and  vertically 
was  6  feet  per  second  squared  (0.19  g).  The  vertical  and  horizontal  maneuver 
rates  were  dependent  on  the  type  of  aircraft  and  flight  condition.  The 
actual  values  used  can  be  found  in  appendix  B. 

EXPERIMENTAL  DESIGN. 


In  addition  to  the  two  traffic  conditions,  two  other  factors  were  modeled, 
traffic  sample  and  controller  team  assignment.  To  provide  some  degree  of 
randomness  in  the  traffic  flow,  two  traffic  samples  were  developed  for  each 
traffic  condition.  For  all  traffic  samples,  current  peak  hour  operations  for 
Knoxville  were  increased  by  30  percent.  The  flight  samples  were  varied  by 
changing  the  aircraft  start  times,  routes,  and  identifications. 

The  factors  were  modeled  to  reduce  experimental  variability.  The  design  pro¬ 
vided  the  most  direct  approach  to  measure  any  effect  caused  by  the  modeled 
factors.  However,  due  to  extremely  low  interaction  between  BCAS  and  the 
ATC  system,  no  significant  differences  in  alert  rate,  alert  location,  or 
alert  type  were  detected. 

A  controller  team  consisted  of  the  following  positions:  tower,  east  approach, 
west  approach,  final  controller  and  two  enroute  feeder  positions.  Four  teams 
were  formed  with  personnel  rotating  between  positions  on  the  team.  This 
rotation  provided  controller  exposure  to  BCAS  interaction  at  each  of  the 
terminal  positions.  The  partially  crossed  nested  design  used  is  shown  in 
figure  3.  The  run  schedule  is  presented  in  table  1.  A  fully  crossed  design 
could  not  be  used  because  of  time  restrictions.  A  total  of  16  runs  were  made 
in  the  Knoxville  simulation.  The  schedule  of  runs  was  designed  to  reduce 
any  training  effect.  In  addition,  practice  runs  were  completed  prior  to  data 
collection. 
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TABLE  1.  SIMULATION  RUN  SCHEDULE 


CONTROLLER  QUESTIONNAIRES. 


All  controllers  who  participated  in  the  experiment  completed  questionnaires. 

The  questionnaires  were  used  to  measure  controller  opinion  of  BCAS.  It  was 
identical  to  the  questionnaire  used  in  previous  CAS  evaluations.  Questionnaires 
were  completed  following  each  data  collection  run.  The  controller  questionnaire 
is  included  as  appendix  C. 

DATA  REDUCTION  AND  ANALYSIS  PROCEDURES. 


Extensive  use  was  made  of  the  Sigma  5/8  computer  to  retrieve  and  analyze  data 
from  the  Knoxville  experiment.  The  two  primary  programs  used  were  the  ATCSF 
Link  3  program  (reference  5)  and  the  BCAS  Allocate  program  (reference  6).  The 
use  of  the  programs  was  identical  to  that  described  in  the  Chicago  experiment. 
Many  additional  programs  were  developed  to  utilize  the  Calcomp  Plotter  to 
generate  plots  of  aircraft  encounters  and  alert  positional  information. 


RESULTS  AND  ANALYSIS 


Analysis  addressed  several  topics.  Besides  the  primary  objectives  of  the 
experiment,  the  BCAS  resolutions  were  analyzed.  Measurements  were  also  taken 
and  reviewed  to  assess  the  effectiveness  of  the  ATC  procedures  used. 

Graphical  results  are  presented  in  the  form  of  plots  of  BCAS  alert  locations 
and  locations  of  aircraft  encounters. 

OPERATIONS  RATES. 


The  operations  rates  that  resulted  are  tabulated  below.  The  total  operations 
rate  reflects  the  sum  of  arrivals,  departures,  and  overflights  for  a  1-hour 
data  collection  period.  The  rates  presented  in  table  2  represent  the 
average  for  eight  runs  for  each  traffic  condition. 


TABLE  2.  HOURLY  OPERATIONS  RATES 


Traffic 

Condition 

Arrivals 

Departures 

Overflights 

Total 

IFR/VFR 

27.9 

36.3 

20.6 

84.8 

IFR 

26.5 

36.1 

14.2 

76.8 

The  reduction  in  overflights  during  IFR  conditions  is  the  result  of  IFR  over¬ 
flight  projections  and  does  not  represent  an  effect  caused  by  BCAS  interaction. 
Overflight  aircraft  represented  about  20  percent  of  the  traffic  in  the 
Knoxville  simulation. 
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CONFLICT  ANALYSIS  AN1)  MINIMUM  SEPARATION. 

The  LINK  3  data  reduction  and  analysis  (0R6A)  program  provided  a  list  of 
aircraft  pairs  which  had  violated  the  ATC  separation  criteria.  For  the  16 
data  runs,  a  total  of  26  conflicts  occurred,  resulting  in  an  average  of 
1.6  conflicts  per  hour.  The  locations  of  the  conflicting  aircraft  are  shown 
in  table  3. 


TABLE  3.  CONFLICT  LOCATIONS  FOR  ALL  RUNS 
Conflict  Location  Number  of  Pairs 


Both  aircraft  Inside  outer  marker  14 

One  aircraft  inside  marker  and  one  2 

outside  marker 

Both  aircraft  outside  outer  marker  3 

Both  aircraft  enroute  7 


The  low  number  of  conflicts  indicates  proper  control  procedures  were  employed 
throughout  the  experiment.  Most  of  the  conflicts  occurred  when  both  aircraft 
were  inside  the  outer  marker  and  were  caused  by  the  speed  variations  of  the 
lead  aircraft  as  it  landed.  Several  of  the  enroute  conflicts  were  caused  by 
the  random  variations  in  aircraft  altitude  tracking  which  was  part  of  the  flight 
simulation  program  in  the  experiment. 

BCAS  ALERT  RATES  ANT)  ALERT  DURATIONS. 

Each  BCAS  alert  that  occurred  in  the  Knoxville  simulation  was  classed  as  either 
an  advisory  or  a  command.  An  advisory  is  a  BCAS  alert  that  results  in  no  effect 
on  the  aircraft  flight  profile  either  horizontally  or  vertically.  Intruder 
positional  data  (TPD)  warnings  were  always  classed  as  advisories,  since  there 
is  no  effect  on  an  aircraft  flight  profile.  VSL's  and  negative  alerts  were 
considered  advisories  when  the  alert  caused  no  effect  on  the  aircraft  flight 
profile.  Since  these  advisories  caused  no  effect  on  aircraft  flight  profile, 
the  alerts  did  not  increase  separation  and  were  also  called  noneffective  alerts. 
Although  it  is  possible  that  a  positive  alert  would  cause  no  effect  on  flight 
profile  (i.e.,  a  climb  command  being  Issued  to  an  aircraft  that  Is  climbing), 
this  did  not  happen  during  the  simulation.  As  a  result,  no  positive  alerts 
were  classed  as  advisories  (see  table  4).  Positive,  negative,  and  VSL  alerts 
that  caused  an  effect  on  the  aircraft's  flight  profile  were  classed  as  a 
command  (effective  alert). 

The  number  and  duration  of  flashing  Il’O's  was  not  tabled  separately,  since 
they  occurred  almost  simultaneously  witli  VSL  alerts  and  continued  during 
negative  and  positive  command  display  periods.  Within  the  alert  sequence, 
only  the  most  critical  type  of  alert  that  occurred  was  counted.  The  increas¬ 
ing  order  of  criticality  was  IPD's,  VSL's,  negative  alerts,  and  positive  alerts. 
The  BOAS  advisory  and  command  rates  and  average  durations  arc  presented  in 
tables  4  and  5. 
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TABLE  4. 


AV TRACK  HOl'Kl.Y  lU'.AS  ADVISORY  RATES 


_ If a tile  Condition _ 

1ER 

1FR/VFR 

Adv  i  so  r  v 

Type 

Number 

Avg.  Our. 

Soc  • 

Number 

Avg.  Our. 
Sec# 

l PD  Only 

16.9 

21.2 

19.4 

18.7 

VSl 

<>.0 

38.6 

9.6 

35.5 

No gat i ve 
Command 

0 

— 

-0.5 

°.5 

Total 

25.9 

27.2 

29.5 

24.2 

TABLE  5.  AVERAOE  HOOKEY  BOAS  ('.OMMAND  RATES 


lLdUlc  IPlldi liOll 


IKR 

TFR/VFR 

Command 

Type 

Number 

Avg.  Pur. 

Sec. 

Number 

Avg.  Pur. 
Sec  • 

VSL 

0.8 

33.3 

1.5 

26.5 

Negat ive 
Command 

0 

— 

0.6 

15.1 

Vos i t i vo 
Command 

0.4 

28.0 

0  •  4 

19.7 

^ Total 

1..' 

31.5 

2.5 

21.5 

Throughout  the  Knoxville  sinnil.it  ion  the  command  rate  averaged  loss  than  two 
commands  per  hour.  As  with  the  UCAS  Chicago  results,  the  VSL  alerts  had  the 
longest  average  duration.  However,  the  lew  positive  commands  (a  total  of  6 
in  l (•*  hours  of  simulation)  that  did  occur  in  Knoxville  had  a  longer  average 
duration  (21.1  seconds)  than  those  in  Chicago  (0  seconds!.  This  probably 
occurred  because  Knoxville  alerts  were  generated  when  aircraft  were  straight 
and  level.  In  Chicago,  the  alerts  occurred  because  the  aircraft  were 
maneuvering  in  the  parallel  instrument  landing  system  (ll.S)  area,  and  t  racket- 
lag  indicated  Incorrect  projected  aircraft  positions  lor  short  periods  of 
time.  On  a  per-alrcraft  basis,  the  advisory  rate  in  the  phase  1  Chicago 
simulation  ranged  from  1.2  to  2.r>  alerts  per  aircraft.  The  Knoxville  advisory 
rate  was  0.37  alerts  per  aircraft.  The  command  rate  in  Chicago  ranged  from 
0.07  to  0.20  alerts  per  aircraft.  The  Knoxville  command  rate  was  0.03  com¬ 
mands  per  aircraft . 
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SHORT-DURATION  ALERTS 


A  major  problem  detected  in  the  previous  Chicago  simulation  was  a  high  num¬ 
ber  of  noneffective  short-duration  (less  than  4  seconds')  VSL  alerts.  The 
high  rate  was  traced  to  two  factors;  the  simultaneous  parallel  1LS  interaction 
and  an  excessively  large  parametric  value  for  MTAU2,  the  tau  distance  modifier 
for  VSL's. 

Trior  to  conducting  the  Knoxville  simulation,  the  values  of  MTAU2  were  reduced. 
The  phase  I  Chicago  results  indicated  that  38  percent  of  all  VSL  alerts  were 
4  seconds  or  less  in  duration.  To  show  the  effect  the  reduction  of  MTAU2 
might  have  on  these  short-duration  VSL's,  a  frequency  distribution  of  all 
VSL’s  is  presented  in  figure  4.  Although  the  duration  distribution  is  still 
skewed  left,  the  mean  duration  (36.1  seconds),  modal  duration  (44  seconds), 
and  median  duration  (40  seconds)  are  much  more  concentrated  than  in  the 
Chicago  results.  Apparently  the  MTAU2  change  did  help  reduce  the  number  of 
short-duration  VSL's.  Since  only  11  percent  of  all  VSL’s  were  4  seconds  or 
less  in  duration,  the  effect  that  the  application  of  a  two-out-of-three  rule 
(requirement  for  alert  reinforcement)  would  have  on  VSL  alert  duration  was 
not  analyzed. 

ALERT  LOCATIONS. 

A  Calcomp  program  was  used  to  identify  the  alert  locations  that  resulted  in 
the  Knoxville  area.  Two  examples  which  depict  the  results  for  the  runs  with 
the  highest  and  lowest  alert  rates  are  presented  in  figures  5  and  6.  The 
established  airways,  navigational  fixes,  and  control  area  boundaries  are 
shown  as  background  information.  The  symbols  represent  the  aircraft  location 
where  the  alerts  first  occurred.  The  alert  symbol  in  red  indicates  that  the 
alert  was  generated  for  an  overflight  aircraft.  The  effective  alerts  are 
identified  with  an  asterisk.  The  results  of  the  1-hour  data  collection  period, 
with  the  highest  alert  rate  (see  figure  5),  indicates  that  more  than  b  out  of 
10  alerts  for  that  run  were  for  overflights.  Figure  6  shows  that  all  alerts 
that  were  generated  were  for  overflights.  This  occurred  even  though  over¬ 
flights  represented  only  20  percent  of  the  traffic.  An  investigation  was 
conducted  to  determine  how  the  alerts  were  broken  down  for  specific  aircraft 
operations;  i.e.,  arrival/departure  traffic  and  overflight  traffic.  Table  b 
presents  the  summary  of  this  investigation. 

Table  6  indicates  40  percent  of  all  alerts  that  occurred  in  the  Knoxville 
area  were  generated  for  overflight  aircraft.  Additionally,  the  alerts  tor 
overflight  aircraft  were  significantly  longer  than  the  alerts  for  arrival/ 
departure  aircraft.  The  VSL  alert  rate  increased  sharply  for  overflight 
aircraft  when  compared  to  the  arrival/departure  rate.  The  alert  location 
on  figures  5  and  6  clearly  indicate  that  numerous  alerts  occurred  between 
aircraft  navigating  on  established  airways  or  direct  routes.  Review  of  air¬ 
craft  tracks  before,  during,  and  after  these  alert  periods  indicated  that 
proper  separation  techniques  were  being  used.  Additionally,  the  overflight 
traffic  in  question  was  not  maneuvering  vertically.  Positive  commands  occurred 
for  VFR  overflights  because  the  BOAS  vertical  separation  threshold  for  positive 
commands  exceeded  VFR  separation  criteria. 
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FIGURE  5.  LOCATION  OF  ALERTS  FOR  RUN  WITH  HIGHEST  NUMBER  OF  ALERTS 


FIGURE  6.  LOCATION  OF  ALERTS  FOR  RUN  WITH  LOWEST  NUMBER  OF  ALERTS 


TABLE  6.  AVERAGE  HOURLY  ALERT  RATES  FOR  SPECIFIC  OPERATIONS 


Alert  Type 

Arrivals/Departures 

Overflights 

Number 

Avg.  Dur. 
Sec. 

Number 

Avg.  Dur. 
Sec. 

IPD  (only) 

14.8 

17.5 

19.3 

VSL 

2.8 

21.5 

■ 

38.6 

Negative  Command 

0.3 

13.0 

17.9 

Positive  Command 

0 

— 

0.4 

21.3 

Total 

17.9 

18.1 

11.7 

31.9 

With  these  facts  in  mind,  the  algorithm  logic  was  reviewed  to  determine  why 
the  high  number  of  VSL  alerts  were  occurring  for  a  significantly  small  portion 
of  traffic  (the  overflights).  It  was  determined  that  LALT,  the  relative 
altitude  threshold  parameter  for  VSL's  is  too  large.  Even  with  1,000-feet 
vertical  separation,  passing  traffic  on  the  same  airway  would  always  cause  the 
generation  of  a  VSL  alert  for  each  aircraft.  The  vertical  separation  could  be 
as  large  as  1,800  feet,  and  a  VSL  still  occur. 

EFFECT  OF  MTAU2  REDUCTION. 


In  addition  to  the  elimination  of  short-duration  VSL's,  the  reduction  in 
MTAU2  (the  tau  distance  modifier  for  VSL's),  was  recommended  to  reduce  the 
high  proportion  of  VSL  alerts  (86  percent  of  all  alerts)  observed  in  the 
previous  Chicago  simulation.  Chicago  data  analysis  indicated  the  suggested 
MTAU2  change  would  have  eliminated  35  to  40  percent  of  the  VSL's  that 
occurred. 

Recall  that  the  Chicago  simulation  only  modeled  arrival  and  departure 
traffic.  Additionally,  an  artificially  high  VSL  rate  occurred  for  overflight 
traffic  in  Knoxville.  For  those  reasons,  the  comparison  in  alert-type  pro¬ 
portions  between  Chicago  and  Knoxville  was  made  using  only  alert  data  for 
arrival  and  departure  operations  in  Knoxville.  Table  7  presents  the 
comparison. 


TABLE  7.  COMPARISON  OF  ALERT  PERCENTAGES  FOR  ARRIVAL/DEPARTURE  TRAFFIC 


Alert  Type 

Percentage  of  Alerts 

Chicago 

Knoxville 

IPD  Only 

11.8 

82.8 

VSL 

86.3 

15.7 

Negative  Commands 

1.4 

1.5 

Positive  Commands 

0.5 

0.0 
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rhe  comparison  of  alert  percentages  Indicates  that  the  percentage  of  alerts 
for  arrival  and  departure  traffic  that  were  VSL's  has  been  reduced  from  86.6 
to  15.7  percent.  The  reduction  was  achieved  without  an  increase  in  the  posi¬ 
tive  or  negative  command  rate.  The  reduction  exceeded  that  estimated  by 
analysis  of  the  effect  of  the  smaller  MTAU2  values  on  the  Chicago  simulation 
data. 

RELATIVE  POSITION  ANALYSIS. 


This  section  discusses  the  protection  provided  by  BCAS.  Analysis  was  made  of 
BCAS  actions  when  ATC  separation  criteria  were  penetrated.  The  closest  points 
of  approach  (CPA's)  between  aircraft  following  positive  or  negative  commands 
were  analyzed  along  with  the  track  of  relative  position  during  the  command 
periods. 

BCAS  ACTION  FOR  VI OLA  LIONS  OF  ATC  SEPARATION  CRITERIA.  In  table  J,  locations 
of  violations  of  ATC  separation  criteria  were  identified.  Each  of  these 
conflicts  was  reviewed  to  see  if  BCAS  generated  a  proper  alert.  An  assort¬ 
ment  of  BCAS  alerts  ranging  from  IPD's  to  positive  vertical  commands  resulted. 

In  only  one  conflict  did  BCAS  fail  to  provide  an  alert.  In  this  case,  one 
aircraft  had  just  completed  a  turn  when  the  violation  of  separation  criteria 
occurred.  The  penetration  was  minor,  since  at  CPA  the  minimum  horizontal 
separation  was  2.86  nautical  miles  (nmi)  and  the  vertical  separation  was 
719  feet.  The  proper  alert  should  have  been  a  very  short-duration  IPD  alert. 

CPA'S  FOLLOWING  POSITIVE  AND  NEGATIVE  COMMANDS.  The  above  analysis  indi¬ 
cates  BCAS  was  providing  alerts  to  address  ATC  conflict  situations.  No  con¬ 
flicts  were  critical,  and  IPD  advisories  or  VSL's  were  the  only  BCAS  alerts 
required.  On  the  other  hand,  high  closure  rates  could  cause  positive  or 
negative  commands  when  outside  ATC  separation  standards. 

Of  considerably  more  importance  than  the  sheer  generation  of  alerts  is  the 
protection  provided  by  those  alerts.  Figure  7  shows  the  relative  position 
tracks  for  aircraft  pairs  during  negative  and  positive  command  periods.  There 
Is  not  a  one-to-one  correspondence  between  the  tracks  on  figure  7  and  the 
alerts  shown  in  tables  4  and  5  because  alerts  did  not  necessarily  occur  in 
pairs. 

In  figure  7,  the  initial  relative  positions  when  the  alert  first  occurred  is 
shown.  The  relative  positions  when  the  command  terminated  or  transitioned  to 
a  VSL  along  with  the  CPA  for  the  pair  are  also  shown.  The  symbol  to  the  right 
of  each  track  identifies  the  command  type,  and  the  symbol  over  each  track  indi¬ 
cates  the  separation  standards  in  effect  when  the  command  occurred.  Only 
twice  did  CPA's  penetrate  VFR  separation  criteria.  On  three  occasions,  com¬ 
mands  occurred  for  IFR  traffic.  In  each  case,  the  penetration  of  1FR  spacing 
standards  was  minimal.  The  remaining  seven  tracks  (58  percent)  represent  two 
positive  and  five  negative  commands  that  occurred  when  aircraft  were  not  vio¬ 
lating  ATC  separation  criteria.  In  these  instances,  aircraft  were  in  level 
t light  with  proper  ATC  separation,  and  the  alerts  are  undesireable .  Furthermore, 
if  advisory  information  is  wanted  for  the  situations,  it  is  available  in  the 
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AIRCRAFT  IN  CONFLICT! 


FIGl'RE  7.  RELATIVE  POSITION  ANALYSIS  OF  AIRCRAFT  ENCOUNTERS 


term  of  IPO's.  For  such  cases,  IPO's  provide  adequate  information  concerning 
threat  proximity.  The  one  track  marked  with  an  asterisk  represents  a  case 
which  was  caused  by  a  pop-up  threat  exiting  the  level  4  desensitization  area 
(i.e.,  no  BCAS  resolution).  The  command  did  not  terminate  until  well  after  the 
CPA  has  occurred. 

QUESTIONNAIRE  ANALYSIS. 

The  extremely  low  positive  command  rate  provided  very  little  interaction  with 
the  controllers,  particularly  since  only  positive  commands  were  displayed  to 
them.  In  fact,  on  13  of  the  16  data  collection  runs,  no  positive  commands 
were  observed  by  the  controllers. 

Table  8  summarizes  the  significant  results  of  the  questionnaire  analysis. 

As  shown  in  table  8,  the  controllers  generally  were  not  in  agreement  with  the 
limited  number  of  commands  they  saw.  They  felt  that  the  alerts  occurred 
prematurely  and  that  they  (the  controllers)  had  provided  adequate  spacing. 

This  fact  is  substantiated  by  the  relative  position  analysis.  It  must  be 
noted  that  only  66  percent  of  the  controllers  had  an  opportunity  to  observe 
positive  commands.  This  fact  is  reflected  in  the  34  percent  of  no  responses 
on  questionnaires  for  command  agreement. 

The  impact  of  BCAS  on  the  ATC  system  can  be  measured  in  part  by  the  BCAS 
acceptability  re«ponses.  Seventy-five  percent  of  the  controllers  who  partici¬ 
pated  in  the  experiment  favored  the  use  of  BCAS  as  a  backup  to  the  ATC  system. 
Besides  the  acceptance  of  BCAS  by  controllers,  two  other  facts  show  that  BCAS 
had  no  adverse  impact  on  the  ATC  system  or  procedures.  Throughout  the  simu¬ 
lation,  an  extremely  low  effective  alert  rate  occurred  (less  than  two  per  hour), 
and  no  missed  approaches  resulted  because  of  BCAS  alerts. 

The  thorough  assessment  of  BCAS  controller  display  requirements  was  limited 
by  the  low  level  of  BCAS/ATC  interaction.  Controller  questionnaires  did 
indicate  that  the  blinking  character  in  the  third  line  of  the  aircraft's  data 
block  (denoting  a  command)  was  sufficient  information  for  the  controller  the 
few  times  that  it  occurred. 

DESENSITIZATION  ANALYSIS. 


The  current  algorithm  uses  range  from  radar  and  aircraft  altitude  to  select 
the  algorithm  sensitivity  level.  In  the  Chicago  phase  I  experimentation, 
this  method  caused  a  sharp  increase  in  alert  rate  when  certain  desensitization 
boundaries  were  crossed.  This  did  not  occur  in  the  Knoxville  simulation. 
However,  overflight  traffic  was  added  to  the  Knoxville  simulation,  and  this 
addition  identified  an  algorithm  desensitization  or  adaptation  problem. 

A  high  number  of  BCAS  alerts  occurred  in  the  vicinity  of  navigational  fixes. 
Figure  8  graphically  presents  this  fact.  On  run  11,  39  percent  of  all  alerts 
occurred  within  5  nmi  of  the  Tyson  VORTAC,  Traffic  in  the  vicinity  of  navi¬ 
gational  fixes  is  characterized  by  aircraft  in  level  flight  with  high  relative 
horizontal  velocities  and  high  crossing  angles.  This  results  in  a  rapid 
reduction  in  tau  values  for  converging  aircraft,  permitting  alert  generation 
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if  other  parameter  thresholds  are  violated.  The  range  and  altitude  desensi¬ 
tization  scheme  did  not  provide  adequate  desensitizing  for  areas  around  navi¬ 
gational  fixes,  because  the  fixes,  in  general,  are  not  dependent  on  range  from 
radar.  The  current  logic  had  not  been  refined  sufficiently  to  minimize  BCAS 
interaction  in  the  overflight  traffic  situation. 


TABLE  8.  SIGNIFICANT  RESULTS  OF  THE  CONTROLLER  QUESTIONNAIRE  ANALYSIS 

DID  YOU  AGREE  WITH  COMMANDS? 


NEVER  22% 
OCCASIONALLY  26% 
USUALLY  18% 
ALWAYS  0% 
NO  RESPONSE  34% 


BCAS  ACCEPTABILITY 


STRONGLY  OPPOSED  0% 
OPPOSED  0% 
INDIFFERENT  25% 
FAVOR  75% 
STRONGLY  FAVOR  0% 


RANGE  TO  THREAT  AIRCRAFT  ANALYSIS. 


IPD  alerts  are  the  first  BCAS  warnings  a  pilot  would  receive  of  impending 
threats.  The  ability  to  visually  acquire  the  threat  is  a  function  of  several 
factors.  Of  these  factors,  the  range  when  the  alert  first  occurred  is  of 
primary  importance. 

Figure  9  depicts  the  cumulative  probability  that  the  threat  was  beyond  a 
certain  range  when  the  IPD  alert  initially  occurred.  The  current  algorithm 
uses  a  60-second  tau  (range/range  rate)  to  display  IPD's.  Range  at  alert 
onset  is  a  function  of  the  warning  time  thresholds.  If  alert  onset  was 
delayed  until  tau  was  less  than  60  seconds,  the  range  when  the  alerts  occurred 
would  have  been  reduced.  The  second  curve  depicts  the  cumulative  probability 
that  would  have  resulted  if  a  45-second  tau  threshold  had  been  used.  Analysis 
indicated  that,  of  the  original  463  IPD  alerts,  on  162  occasions  the  tau  did 


FIGURE  8.  ALERT  CONCENTRATION’S 


not  decrease  below  45  seconds.  As  a  result,  the  reduction  in  the  tau  threshold 
of  60  seconds  to  45  seconds  would  have  eliminated  55  percent  of  the  IPD  alerts. 

Of  the  original  IPD  alerts  that  occurred  in  Knoxville  (tau  “  60  seconds) 

50  percent  were  generated  when  the  initial  range  to  the  threat  exceeded  4  nmt. 
Twenty-f ive  percent  of  the  alerts  occurred  when  the  range  was  in  excess  of 
5  nmi.  The  corresponding  percentile  points  for  the  cumulative  probability 
based  on  a  45  second  tau  threshold  are  also  shown.  The  ability  to  visually 
acquire  the  intruder  during  daylight  at  these  ranges  is  questionable. 

MULTIPLE  INTRUDER  ANALYSIS. 


For  simultaneous  threats  of  a  more  severe  typo  than  IPO's  the  multithreat  detec¬ 
tion  and  resolution  logic  was  not  yet  developed  or  in  use. 

A  total  of  473  BCAS  alerts  occurred  during  the  Knoxville  simulation.  The 
current  BCAS  logic  will  display  (to  the  pilot)  simultaneous  IPD  alerts  for 
more  than  one  threat  when  multiple  threats  are  detected.  Table  9  presents 
the  multiple  IPD  counts. 


TABLE  9.  MULTIPLE  IPD  ALERTS 


No.  of  Simultaneous 

IPD  Alerts 

Occurrences 

1  (Single  threat) 

444 

2 

26 

3 

•3 

4 

1 

Table  9  Indicates  that  on  26  separate  occasions  a  DOAS-oquippod  aircratt  was 
receiving  simultaneous  intruder  positional  data  for  two  different  intruders. 

A  total  of  29  simultaneous  multiple  IPD  alert  periods  occurred.  During  one 
such  period,  a  BCAS  aircraft  was  receiving  intruder  positional  data  for  four 
Intruders.  Multiple  IPD  alert  periods  were  used  to  Identify  possible  multiple 
aircraft  encounter  situations. 

A  case  when  resolution  was  not  provided  for  the  most  serious  threat  is  pre¬ 
sented  in  figures  10  and  11.  N4525H  was  proceeding  northwest  at  1,500  feet. 

Both  UA703  and  N6665M  were  established  on  an  airway  at  4 ,000  feet  and  1,000 
feet,  respectively,  as  shown  in  figure  11.  N425B  began  receiving  VSL  alerts 

because,  of  UA703,  Once  this  occurred,  N4525B  could  not  receive  resolution  for 
the  N6665M  threat  (the  most  serious  threat)  until  the  DA70 1  threat  had  been 
resolved.  The  slant  range  at  CPA  for  the  N4525B/DA70)  combination  was  S,88b 
feet.  The  slant  range  at  CPA  for  N4525R/N6665M  was  3,756  feet. 


START  TIME  »  10  57  0  END  TIME  =  10  58  28 


S31IW  IVOlinVN 
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FIGURE  10.  HORIZONTAL  VIEW  OF  MULTIPLE  ENCOUNTER 


ENCOUNTER  NUMBER  I 

START  TIME  *  I O  57  0  END  TIME  =  10  58  28  SENSITIVITY  3 


x**x*xxx*xxxxxxx*xxxxxx 


01*  (133  J)  aaruinv 


FIGURE  11.  VERTICAL  VIEW  OF  MULTIPLE  ENCOUNTER 


CONCLUSIONS 


Based  on  the  results  of  the  Knoxville  ATC/BCAS  simulation,  the  following  con¬ 
clusions  are  made: 

1.  Due  to  a  low  conmand  rate.  BCAS  had  no  impact  on  the  controllers  or 
control  procedures.  The  controllers  saw  very  little  BCAS  command  interaction 
throughout  the  Knoxville  simulation.  No  missed  approaches  resulted  because  of 
BCAS  alerts.  Seventy-five  percent  of  the  controller  questionnaires  favored 
the  use  of  BCAS.  No  controllers  were  opposed  to  its  use. 

2.  Although  limited  by  rare  occurrences,  evaluation  of  BCAS/ controller  inter¬ 
action  (based  on  controller  questionnaires)  indicated  that  a  blinking  symbol 

in  the  third  line  of  the  aircraft's  data  block  was  an  adequate  method  of  dis¬ 
playing  BCAS  commands  to  the  controller. 

3.  Desensitization  based  on  ranee  from  radar  and  altitude  does  not  provide 
necessary  filtering  to  eliminate  unnecessary  alerts  in  the  vicinity  of  navi¬ 
gational  fixes.  Even  for  close-in  fixes,  such  as  Tyson  VORTAC,  the  current 
desensitization  does  not  provide  adequate  filtering.  However,  the  sharp 
increase  in  alert  rates  resulting  when  desensitization  boundaries  were  crossed 
did  not  occur  in  Knoxville  as  it  had  in  the  Chicago  simulation. 

4.  It  is  concluded  that  BCAS  provided  adequate  resolution  for  conflicting 
aircraft  pairs.  BCAS  detected  all  but  one  penetration  of  ATC  separation 
criteria.  This  one  encounter  should  have  resulted  in  a  short-duration  IPD. 
Detection  did  not  occur  due  to  tracker  lag.  Adequate  resolution  resulted 
even  for  six  occasions  when  simulation  initialization  problems  occurred. 

5.  The  current  BCAS  logic  could  precipitate  a  dangerous  resolution  sequence 
in  multiple  intruder  encounters.  Multiple  encounters  do  occur,  and  the 
inability  to  identify  and  resolve  the  most  serious  threat  could  lead  to  a 
command  sequence  that  increases  the  chances  of  collision  with  the  most 
dangerous  threat. 

6.  Due  to  smaller  tau  distance  modifiers  for  VSL's.  the  quantity  and  per¬ 
centage  of  alerts  that  were  VSL's  were  significantly  smaller  in  Knoxville  than 
in  Chicago.  The  smaller  VSL  tau  distance  modifier  used  in  Knoxville  was  the 
same  as  the  tau  distance  modifier  for  positive  and  negative  alerts.  Knoxville 
results  also  Indicated  that  the  high  proportion  of  short-duration  VSL  alerts 
which  had  occurred  in  Chicago  was  significantly  reduced. 

7.  A  range-to-threat  analysis  indicated  that  visibility  should  be  considered 
in  refining  the  timing  of  IPD's.  With  a  tau  of  60  seconds  for  IPD  alerts,  a 
significant  proportion  of  alerts  was  generated  when  the  range  to  the  intruder 
was  well  beyond  the  threshold  that  would  permit  visual  acquisition  in  daylight. 
The  increase  in  workload  caused  by  these  early  alerts  might  impact  on  pilot 
acceptance  of  BCAS. 


?!  ,  'jy  relative  altitude  threshold  (ULT)  for  VSL  alerts  Is  too  largo.  A 
ht«h  Proportion  of  undesireable  alerts  resulted  for  level  flight  aircraft  navi- 
?a^"*.on  established  airways  with  proper  separation.  Even  when  separated  bv 
1,000  teet  vertically,  passing  traffic  received  VSL  alerts.  Again,  in  this 
situation,  11  proximity  information  is  desired,  it  is  available  with  IPD's 


RECOMMENDATIONS 


lhrlwlusi\n,Ua;>SiSf0!Vh?  Jata  fr°m  tHe  Kn°XVllle  ATC/BCAS  simulation  and 
th  conclusions,  the  following  recommendations  are  made: 

1.  BOAS  controller  display  requirements  should  he  as^o.i  bv  other  than 
jpU  time  ATI  system  simulation  methods.  If  nrnnor  . 

,,  *  me  hod  slmulatlon  does  not  Provide  adequate  interaction  to  evaluate 
J**;jlaj  requlrements.  Display  requirements  could  be  evaluated  by  controllers 
reviewing  scenarios  in  which  commands  are  generated. 

for  V^:Ch'?ennrthe  Parametrl°  Value  °f  NTAl'2-  th*  tau  distance  modifier 

■4'Iu^  resulted  In  ^  °f  -the  a l*or  1  thm.  The  reduction  in 

i'M.”  ,d  in  «  significantly  smaller  proportion  of  VSL  alerts  relative  to 

Chicago  results.  The  high  proportion  of  short-duration  VSL’s  was  also  smaller. 

! .  T  B°rUIW0,ot  the  htRh  number  of  undesirable  VSL’s  for  overflight-  a  i  r  c  r  •.  f  t 
A1-!,  tl'e  relative  altitude  parameter  that  generates  VSL’s  should  be  reduced! 

t'  nl-*i-?r|)  Whi?h  °CCurred  the  Knoxville  simulation  should  be 

Although  the-command  rate  was  ^,Tt7  1- 
o  all  alerts  were  noneffective  VSL  alerts.  The  fact  that  a  majority  of 

n  ,nVliv  Wre  fnerated  for  alrcraft  operating  on  established  airwavs  with 
proper  Alt.  separation  may  impact  adversely  on  the  pilot’s  acceptance  of  BCAS. 

. should  be  conducted  to  determine  howoarly  1PD  alerts  should  h 

^tjujattd  in  the  teimlnal  area.  Current  logic  resulted  i>,  .  i - 

i1?*™  o,“cdi"s  5  ”* » ^ 

threat^  the  tlW'  The  abUltv  to  visually  acquire 

threats  at  these  ranges  is  questionable. 

a ‘  f  u if1~ZXT:]:-|if'1.  !'AC?tmU:l'S  aid--occul~  to  «  nioderato-densi  tv  termi na  1  area, 
i  t  — p.  pi  remit  BCAS  logic  should  bo  developed.  As  an  interim  s t e p 

critical  threat  ?l  l°  deteCt  and  »,vovlde  resolution  for  the  most 

critical  threat  in  a  multiple  encounter. 

P,‘  —  BCAS  loKlc  should  ho  ova  I  .mi  ...I  tn  v  >  . . 

1  .I  ”f  V ,  l0«’l  o~ho  1.11  BCAS  hall 

Of  B!'ASChave0tienSml>l  T*™'  Pr°Cedure8‘  To  J«e,  all  system  simulations 
realistic  BCASinnT*  "  error_free  environment.  The  development  of  a 
ilistic  Bt.Ah  input  measurement  error  model  should  precede  the  active  logic 

ova  nation.  Ihe  inclusion  of  BCAS  system  errors  in  the  simulation  will  provide 
a  measure  of  resolution  degradation  that  can  he  expected. 
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APPENDIX  A 


KNOXVILLE  (Me GHEE  TYSON-)  AIRPORT  TRAFFIC  FLOW  PROCEDURES 


FAS r  AND  WEST  ENROl’TE  SECTORS. 


Inhound  traffic  will  bo  at  or  descending  to:  Jet  aircraft,  10,000  feet;  props, 
8,000  feet. 

Traffic  will  be  handed  off  to  the  appropriate  approach  controller  prior  to 
the  approach  control  area  boundary. 

EAST  AND  WEST  ARRIVAL  AND  DEPARTURE. 


Arrival — Provide  standard  separation  and  control  of  all  aircraft  in  assigned 
airspace. 

Assign  2,500  feet  or  above  to  all  aircraft.  Sequence  arriving  aircraft  in 
trail  and  effect  handoff  to  final  controller  prior  to  aircraft  reaching  a 
point  J  miles  from  final  sector. 

Departure — Turn  departing  aircraft  from  assigned  runway  heading  as  soon  as 
practicable.  Ensure  standard  separation  between  arriving  and  departing  air¬ 
craft.  Hand  off  to  appropriate  center  sector  when  clear  of  arrivals  or 
approaching  terminal  boundary. 

LOCAL  CONTROL. 

Provide  separation  between  departing  and  arriving  aircraft. 

Assign  runway  heading  to  departing  aircraft.  Hand  off  departing  aircraft  to 
appropriate  sector  (east-west)  depending  on  direction  of  flight. 

The  Knoxville  terminal  area  arrival  traffic  flow  is  depicted  in  figure  A-l. 
The  Knoxville  terminal  area  departure  traffic  flow  is  shown  i n  figure  A-2. 
Figure  A-l  shows  the  Atlanta  Center  (Knoxville  sector)  traffic  flow  patterns. 
Table  A-l  Identifies  the  Knoxville  area  navigation  fix  list. 


A-l 


TABLE  A-l 


KNOXVILLE  FIX  LIST 


IDENTIFIER 


FIX 


TYPE 


BLA 

Blackford 

VOR 

CHA 

Chattanooga 

It 

HCH 

Hinch  Mountain 

If 

HRS 

Harris 

II 

HMV 

Hols  ton  Mountain 

If 

LOZ 

London 

II 

RMG 

Rome 

If 

SOT 

Snowbird 

II 

SUG 

Sugarloaf  Mountain 

If 

BRG 

Whitesburg 

M 

2KC 

Buck 

Intersection 

2FO 

Forms 

If 

2GB 

Greenback 

II 

2HS 

Howard 

II 

2MF 

Mayna rdvilie 

II 

2  NR 

Norris 

It 

20T 

Ottway 

II 

2PH 

Pittman 

II 

2  PM 

Piedmont 

If 

2SW 

Sweetwater 

II 

2UW 

Westbourne 

II 

2WP 

White  Pine 

If 

EW 

Etowah 

II 

FA 

Farley 

II 

SZ 

Swanson 

II 

TO 

Tampico 

II 

Blain 

II 

Decat 

II 

Dubbs 

If 

Kirch 

II 

Knits 

II 

Marbl 

II 

Miami 

II 

Peeks 

II 

Power 

II 

Spity 

II 

Winna 

II 

Duck town 

• 

A- 5 


High  Perf.  Jet.  4000  3000  1600  3000  3000  3000  3000  2000 


TABLE  B-2.  AIRCRAFT  PERFORMANCE  CHARACTERISTICS 


TABLE  3.  AIRCRAFT  PERFORMANCE  CHARACTERISTICS 


appendix  c 


BCAS  QUESTIONNAIRE 


SUBJECT _ _ _  DATE  _ 

SERIES  _ _  CONTROL  POSITION(S)  _  RUN  # 


1.  To  what  extent  did  the  following  aspects  of  the  test  create  problems  for 
you?  Check  the  appropriate  columns. 


__ .  ASPECT 

NOT  AT 

ALL 

A  LITTLE 

A  LOT 

A  GREAT 
DEAL 

a.  Traffic  density 

b.  Mix  of  BCAS  and 
ATCRBS 

j^Reduced  visual 
separation 
criteria 

d.  Clutter  created 
by  the  BCAS  dis¬ 
play  features 

e.  BCAS  concept 

2.  Do  you  feel  that  your  performance  would  have  improved  if  you  had  had  more 
experience  with  the  BCAS  concept? 

NOT  AT  ALL  SOMEWHAT  GREATLY 


3.  Was  the  simulated  environment  realistic  enough  for  you  to  properly  evalu¬ 
ate  the  BCAS  concept? 

YES  _  NO 


If  no,  what  features  were  unrealistic? 


How  did  BCAS  affect  the  following  aspects  of  your  control?  Check  the 
appropriate  columns. 


a. 


b. 


c. 


d. 


ASPECT 


GREATLY 

DECREASED 


DECREASED 


DID  NOT 
CHANGE 


INCREASED 


GREATLY 

DECREASED 


Orderliness 


Traffic  Hand¬ 


ling  Capacity 


Safety 


Wo rkload 


Stressfulness 


f.  Applied 
Separation 


If  all  aircraft  had  been  BCAS  equipped,  would  your  rating  have  changed? 
YES  _  NO  _ 

If  yes,  in  what  way?  _ _ 


Did  you  agree  with  the  BCAS  commands: 

NEVER  _  OCCASIONALLY  _  USUALLY  _  ALWAYS 

If  not,  please  cite  example(s).  _ _ 


Was  the  presentation  of  the  following  command  in  the  data  block  easily 
interpreted? 

Positive  commands  YES  _ NO  _ 


r  - - - -1 


If  no,  what  was  confusing? 


8.  Do  you  consider  the  blinking  command  an  acceptable  attention  device  for 
controller  alert? 

YES  _  NO  _ 

If  no,  please  suggest  alternative  _ _ 


9.  Did  you  ever  have  difficulty  reading  a  command  because  of  clutter? 
YES  _  NO  _ _ 

Please  elaborate  _  _ 


10.  If  clutter  presented  any  difficulty,  in  which  areas  was  it  detrimental? 
FINAL  APPROACH  _  VECTOR  AREAS  _ 

HANDOFF  POINTS  _  OTHER  (SPECIFY)  _ 


11.  In  light  of  your  experience  to  this  point,  with  BCAS,  please  circle  the 
statement  that  most  closely  matches  your  opinion  on  whether  BCAS  should 
be  put  into  operational  use. 

a.  I  strongly  oppose  its  use 

b.  I  oppose  its  use. 

c.  I  am  indifferent  to  its  use. 

d.  *  I  favor  its  use. 

e.  I  strongly  favor  its  use. 


C-3 


